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GLDPHWHUȝP7KHFU\VWDOERQGLQJRIFDUERQDWRPVDOPRVWRUH[DFWO\SDUDOOHOWRWKHORQJLWXGLQDOD[LVRIWKHILEHU
PDNHVYHU\VWURQJILEHUVDVFRPSDUHGWRWKHLUVL]H 6RKQDHWDO
&DUERQ ILEHUUHLQIRUFHGSODVWLF &)53¶V SUHVHQW VSHFLILF SURSHUWLHV VXFK DV VWLIIQHVVZHLJKW DQG VWUHQJWKZHLJKW
UDWLRVPXFKKLJKHU WKDQ WKRVHRIPHWDOOLFPDWHULDOV0XFKRI WKH IXVHODJHRI WKHQHZ%RHLQJ'UHDPOLQHUDQG
$LUEXV$;:%ZLOOEHFRPSRVHGRI&)53PDNLQJWKHDLUFUDIW OLJKWHUWKDQDFRPSDUDEOHDOXPLQXPIXVHODJH
ZLWK WKHDGGHGEHQHILWRI OHVVPDLQWHQDQFH WKDQNV WR&)53
VVXSHULRU IDWLJXHUHVLVWDQFH0DQ\VXSHUFDUVRYHU WKH
SDVWIHZGHFDGHVKDYHLQFRUSRUDWHG&)53H[WHQVLYHO\LQWKHLUPDQXIDFWXUHXVLQJLWIRUWKHLUPRQRFRTXHFKDVVLVDV
ZHOODVRWKHUFRPSRQHQWV&DUERQILEHUUHLQIRUFHGSRO\PHUKDVIRXQGDORWRIXVHLQKLJKHQGVSRUWVHTXLSPHQWVXFK
DVUDFLQJELF\FOHV 7RQJHWDO2WKHUVSRUWLQJJRRGVDSSOLFDWLRQVLQFOXGHUDFNHWV ILVKLQJURGV ORQJERDUGV
DQG URZLQJ VKHOOV )RU WKH VDPH VWUHQJWK D FDUERQILEHU IUDPHZHLJKV OHVV WKDQ DELF\FOH WXELQJRI DOXPLQXPRU
VWHHO&)53VKDYHDQDOPRVWLQILQLWHVHUYLFHOLIHWLPHZKHQSURWHFWHGIURPWKHVXQDQGXQOLNHVWHHODOOR\VKDYHQR
HQGXUDQFH OLPLW ZKHQ H[SRVHG WR F\FOLF ORDGLQJ &DUERQHSR[\ FRPSRVLWH ODPLQDWHV KDYH EHHQ DFFHSWHG E\ WKH
DLUFUDIWDHURVSDFHDQGKLJKHQGDXWRPRWLYHLQGXVWULHVRQDFFRXQWRIWKHLUKLJKPRGXOXVKLJKVSHFLILFVWUHQJWKKLJK
VWLIIQHVVORZGHQVLW\HDVHRIIDEULFDWLRQDQGWKHIDFLOLW\IRUWDLORULQJLQFRPSRQHQWGHVLJQ
7KHPDLQSXUSRVHRI WKHSUHVHQW LQYHVWLJDWLRQ LV WRFDOFXODWH WKH VWUHQJWKDQGVWLIIQHVV RI&)53 WHVW VSHFLPHQ
XVLQJ ILQLWHHOHPHQW VLPXODWLRQVRIWZDUH$%$4867KH UHVXOWV IURP WKHSUHVHQW LQYHVWLJDWLRQDUHFRPSDUHGDQG
YHULILHGZLWK WKH SXEOLVKHG H[SHULPHQWDO DQGVLPXODWLRQ UHVXOWVREWDLQHGE\ $YGLFDQG6DKD  0RUHRYHU D
VHULHV RI SDUDPHWULF VWXGLHV ZHUH FDUULHG RXW LQ RUGHU WR GLVFXVV WKH LPSRUWDQFH RI PDWHULDO VHOHFWLRQ DQG SO\
RULHQWDWLRQ LQ FRPSRVLWH ODPLQDWHV
 7KHRUHWLFDOEDFNJURXQG
&RPSRVLWHPDWHULDOV DUHPDLQO\ SUHSDUHGE\ DVVHPEOLQJ RU ELQGLQJ VHYHUDO GLVWLQFWLYH OD\HUV RI XQLGLUHFWLRQDO
ODPLQDRUSO\VXFKWKDWWKHILEHURULHQWDWLRQFDQYDU\DPRQJWKHODPLQD)LJ UHSUHVHQWVDXQLGLUHFWLRQDOODPLQDRU
SO\ PDGH XS PDWUL[ DQG ILEHU ZLWK ORQJLWXGLQDO DQG WUDQVYHUVH GLUHFWLRQV ,Q RUGHU WR VLPXODWH WKH PHFKDQLFDO
EHKDYLRU RI FRPSRVLWH VSHFLPHQ VWLIIQHVV RI HDFK ODPLQD LV WR EH FDOFXODWHG 7KH VWLIIQHVV RI WKH ODPLQD DQG
ODPLQDWHV GHSHQGV XSRQ YDULRXV IDFWRUV VXFK DV EDVLF PHFKDQLFDO SURSHUWLHV RI WKH PDWUL[ DQG ILEHU DPRXQW RU
YROXPHIUDFWLRQRIWKHPDWUL[DQGILEHULQWKHFRPSRVLWHPDWHULDOW\SH DQGRULHQWDWLRQ RIUHLQIRUFHPHQWHPSOR\HG
VXFKDVFRQWLQXRXVRUGLVFRQWLQXRXVILEHU
)LJ 6FKHPDWLFUHSUHVHQWDWLRQRIXQLGLUHFWLRQDO ODPLQD
5XOHRIPL[WXUHPRGHO 9RLJW  ZDVXVHGWRFDOFXODWHWRFDOFXODWHWKHODPLQDSURSHUWLHV(((*
DQG*
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 )LQLWH(OHPHQW $QDO\VLV
:LWKDGYDQFHPHQWLQWKHFRPSXWHUVILQLWHHOHPHQWDQDO\VLVKDVHPHUJHGDVRQHRIWKHSRZHUIXOWRRODYDLODEOHWR
HQJLQHHUVIRUXVHLQGHVLJQDQGDQDO\VLVRIFRPSOH[SUREOHPV,WKDVEHHQVXFFHVVIXOO\XVHGIRUDGYDQFHGQXPHULFDO
FDOFXODWLRQV DQG LV RULJLQDWHG IURP WKH WKHRULHV RI FRQWLQXXPPHFKDQLFV ZKLFK VWXGLHV HTXLOLEULXPPRWLRQ DQG
GHIRUPDWLRQRISK\VLFDOVROLGV)(0LQYROYHV WKH DSSUR[LPDWLRQRIFRQWLQXRXVIXQFWLRQVE\DGLVFUHWHPRGHOZKHUH
WKHERG\WREH H[DPLQHG LVGLYLGHGLQWRVHYHUDOVPDOOHUSDUWV FDOOHGHOHPHQWV 6ZHQVVRQDQG,QJUHIID7KLV
PHVKHGPRGHOLVFRPSRVHGE\DQXPEHURIHOHPHQWIXQFWLRQVWKDWDUHFRQWLQXRXVRYHUHDFKVHSDUDWHHOHPHQW7KHVH
HOHPHQWVDUH LQWHUFRQQHFWHG WRHDFKRWKHUWKURXJK QRGHV1XPHULFDOYDOXHVIRUWKHVH QRGHVDUHFRPSLOHGWRPDNHWKH
HOHPHQWIXQFWLRQVDQDFFXUDWHDSSUR[LPDWLRQRIWKHJOREDOIXQFWLRQ$FFXUDF\JHQHUDOO\LPSURYHV ZLWKLQFUHDVHLQ
WKH QXPEHURIQRGHV
,Q WKH SUHVHQW VWXG\ WKH ILQLWH HOHPHQW VLPXODWLRQ ZDV FDUULHG RXW RQ D &)53 WHQVLOH VSHFLPHQ XVLQJ
FRPPHUFLDOO\ DYDLODEOH VRIWZDUH$%$486ZKLFKVROYHFRPSOH[HQJLQHHULQJSUREOHPVUDQJLQJIURPOLQHDUWRQRQ
OLQHDU EHKDYLRXU %DVHGRQ WKH WHQVLOH WHVWH[SHULPHQWDO GDWD $YGLFDQG6DKD 7KHILQLWHHOHPHQWPRGHORI
FRPSRVLWHVSHFLPHQXQGHUVWDWLF ORDG ZDV PRGHOOHG DQGVWUHVVDQDO\VLV ZDV FDUULHGRXW7KHJHRPHWU\RI WKH WHVW
VSHFLPHQLVUHFWDQJXODUZLWK OHQJWKPPZLGWKPP WKLFNQHVVPPDQGPDUJLQRIPPIURPHDFKHQGV
IRUJULSSLQJ DVGHSLFWHG LQ)LJ ,QRUGHUWRUHSOLFDWHWKH UHDO WHQVLOHWHVW WKH ERXQGDU\DQGORDGLQJFRQGLWLRQVDUH
DSSOLHG DV VLPLODUWRWKHDFWXDOWHQVLOHWHVWH[SHULPHQW7KHORZHUJULSRIVSHFLPHQZDV NHSWDV IL[HGLQDOOGLUHFWLRQ
ZKLOH WKHXSSHUJULS ZDVNHSWDV IL[HG LQDOOGLUHFWLRQVEXWXQFRQVWUDLQHG LQ ORQJLWXGLQDOGLUHFWLRQ LH IUHH LQ WKH
GLUHFWLRQRIORDGDSSOLHG7KHXSSHUJULS ZDV ORDGHGZLWKDVXUIDFHWUDFWLRQORDGRI03D
)LJ*HRPHWULFPRGHORIWKHUHFWDQJXODUWHVWVSHFLPHQ
7KH ORDG LQ WKLVSDUWLFXODUVLPXODWLRQ ZDV DSSOLHG XVLQJ VXUIDFH WUDFWLRQ VFHQDULR NHHSLQJ LQPLQG WKHIDFW WKDW
GLVSODFHPHQWFRQWUROUHVXOWVLQDPXFKPRUHJUDGXDO IDLOXUH DVFRPSDUHGWR ORDGLQJ GRQH E\DSSOLHGIRUFHV PHWKRG
,WLVREVHUYHGWKDWZKHQ DVLPSOHVWUXFWXUHVXFKDVFRPSRVLWHSODWH EHJLQVWRIDLOXQGHUWKHDFWLRQRIDSSOLHGIRUFH
WKHVWUXFWXUHIDLOVYHU\UDSLGO\EHFDXVHWKHORDGFRQWLQXHVWRLQFUHDVH WKHUHE\GHFUHDVLQJ WKHORDGFDUU\LQJFDSDFLW\
RIWKHVWUXFWXUH 2QWKHRWKHUKDQGLQGLVSODFHPHQWFRQWUROOHGORDGLQJ WKHORDGFDUULHGE\WKHVWUXFWXUHGHFUHDVHVDV
WKHVWUXFWXUHIDLOVZKLFKDOORZVIRUDVORZHUUDWHRIIDLOXUH
,Q RUGHU WR REWDLQ DFFXUDWH VWUHVV GLVWULEXWLRQ UHVXOW LQ D UHDVRQDEOH DQDO\VLV WLPH WKH VWUXFWXUHG PHVKLQJ
WHFKQLTXH ZDV XVHG WRPHVK WKHPRGHOZLWK65 /LQHDU IRXUQRGHGJHQHUDO SXUSRVH VKHOO HOHPHQWZLWK UHGXFHG
LQWHJUDWLRQ ZLWK KRXUJODVV FRQWURO )RXUQRGH HOHPHQW PHDQV HYHU\ HOHPHQW FRQVLVWV RI  QRGHV ZKLOH UHGXFHG
LQWHJUDWLRQPHDQVWKDWWKHRUGHURILQWHJUDWLRQ LVORZHUWKDQWKDWRIIXOOLQWHJUDWLRQ 7KHVFKHPDWLFRIWKH)(PRGHO
IRUWKH&)53WHVWVSHFLPHQZLWKORDGLQJDQGERXQGDU\FRQGLWLRQVLVVKRZQLQ)LJ
)LJ)(PRGHORIWHVWVSHFLPHQZLWKERXQGDU\DQGORDGLQJFRQGLWLRQV
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 0DWHULDO'HILQLWLRQ
,QWKHSUHVHQWLQYHVWLJDWLRQWZRGLIIHUHQWODPLQDW\SHPDWHULDOVDUHFUHDWHGRQHIRUWKHFDUERQHSR[\ DQGDQRWKHU
IRUWKHJODVVHSR[\SO\ )URPWKHPHFKDQLFDOSURSHUWLHVRIWKH 7 FDUERQILEHU(JODVVILEHU DQGPDWUL[DVVKRZQ
LQ7DEOH WKHHQJLQHHULQJSURSHUWLHVRIWKHVHWZRSOLHV ZHUH FDOFXODWHGE\XVLQJWKHUXOHV RI PL[WXUH7DEOH VKRZV
WKHHQJLQHHULQJSURSHUWLHVRIWKHFDUERQILEHUHSR[\SO\DQG(JODVVHSR[\SO\
7DEOH 0HFKDQLFDOSURSHUWLHVRI FRQVWLWXHQWV 7DEOH  (QJLQHHULQJSURSHUWLHVRI&DUERQDQG(JODVVILEHUHSR[\SO\
7KHVSHFLPHQ ZDV PDGHXSRISOLHVRXWRIZKLFKDUHRI7FDUERQHSR[\DQGWKHUHPDLQLQJWKUHHSOLHVDUH
RI(JODVVHSR[\FRPSRVLWHPDWHULDO(DFKSO\ ZDV DVVLJQHGLWVPDWHULDOUHJLRQWKLFNQHVVDQGRULHQWDWLRQDV VKRZQ
LQ )LJXUH  DQG 7DEOH  7KH JDXVV LQWHJUDWLRQ UXOH ZLWK WKUHH LQWHJUDWLRQ SRLQW DSSURDFK ZDV SUHIHUUHG LQ WKLV
VLPXODWLRQ
7DEOH  3O\ VHTXHQFH PDWHULDO WKLFNQHVV DQG RULHQWDWLRQ RI WKH
FRPSRVLWHWHVWVSHFLPHQ
)LJ 3O\VHTXHQFHDQGRULHQWDWLRQRIWKHFRPSRVLWHWHVWVSHFLPHQ
5HVXOWV DQG'LVFXVVLRQ
7KLV VHFWLRQ IRFXVHV WKH DQDO\VLV &)53 WHVW VSHFLPHQ XVLQJ GLIIHUHQW PRGHOV DQG LWV YDOLGDWLRQ ZLWK WKH
H[SHULPHQWDO WHVW UHVXOWV DYDLODEOH LQ WKH OLWHUDWXUH $YGLF DQG 6DKD  7KH SUHVHQW PRGHOLQJ VFKHPH ZDV
H[HFXWHG XVLQJVKHOOFRQYHQWLRQDOPRGHO KRZHYHUIRUWKHSXUSRVHRI DVVHVVPHQW WKH VROLGPRGHO ZDV DOVR GHYHORSHG
DQG LWZDV IRXQG WKDW WKH UHVXOWV IURPERWK WKHPRGHOVDUHYHU\FORVH WRHDFKRWKHUDVGHSLFWHG DQGFRPSDUHG LQ
7DEOHDQG)LJXUHDEDQGDE $VH[SHFWHG WKHPD[LPXPGLVSODFHPHQWRFFXUHG DWWKHIUHHHQGZKLOHWKH
UHDFWLRQIRUFHZDVIRXQGWREHPD[LPXPDWWKHFODPSHGHQGIRUERWKWKHPRGHOV +RZHYHUWKH VPDOOYDULDWLRQLQWKH
UHVXOWV FRXOG EHDVVRFLDWHG GXHWR WKHSRVVLEOHZDUSDJHRIFRPSRVLWHGXULQJLWVPDQXIDFWXULQJSURFHVV
&RQVWLWXHQW (*3D Q 9I
7&DUERQILEHU   
(JODVVILEHU   
0DWUL[(SR[\YLQ\OHVWHUUHVLQ   
3URSHUW\ &DUERQHSR[\ (JODVVHSR[\
( *3D  
( ( *3D  
* **3D  
Q  
3O\1R 0DWHULDOQDPH 7KLFNQHVVP 2ULHQWDWLRQ
3O\ &DUERQILEHUHSR[\  q
3O\ (*ODVVILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ (*ODVVILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ &DUERQILEHUHSR[\  q
3O\ (*ODVVILEHUHSR[\  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7DEOH9DOLGDWLRQRIWKHSUHVHQWPRGHO
D E
)LJ D 'LVSODFHPHQWDQG E 5HDFWLRQIRUFHGLVWULEXWLRQRYHU&)53WHVWVSHFLPHQIRUVKHOOPRGHO
DE
)LJ  D 'LVSODFHPHQWDQG E 5HDFWLRQIRUFHGLVWULEXWLRQRYHU&)53WHVWVSHFLPHQIRUVROLGPRGHO
3DUDPHWULF6WXG\
$SDUDPHWULFVWXG\KDVEHHQFDUULHGRXWZLWKWKHDLPWRH[SORUHWKHHIIHFWLYHQHVVRIWKHPRGHODQGWR HYDOXDWH
WKH LQIOXHQFH RI JHRPHWULF DQGPDWHULDO SDUDPHWHUV RQ WKH RYHUDOOPHFKDQLFDO EHKDYLRXU FRPSRVLWH ,QGHSHQGHQW
SDUDPHWHUV VXFKDV SO\RULHQWDWLRQDQG VHOHFWLRQRI UHLQIRUFHPHQW PDWHULDO ZHUHYDULHGDQG LWV HIIHFWVRQ UHDFWLRQ
IRUFH DQG PDWHULDOVWLIIQHVV ZHUHH[DPLQHGWKRURXJKO\
 (IIHFWRI UHLQIRUFLQJ PDWHULDO
,QLWLDOO\WKH DQDO\VLVZDVFDUULHG RQD SO\ &)53VSHFLPHQFRQWDLQLQJOD\HUVRIFDUERQHSR[\DQGOD\HUV
RIJODVVHSR[\SOLHV DQG WKHUHVXOWVZHUHFRPSDUHGZLWKH[SHULPHQWDOGDWDDVVKRZQLQ 7DEOH /DWHU LQRUGHU WR
H[DPLQHWKHHIIHFWRI UHLQIRUFLQJPDWHULDORQWKHPHFKDQLFDO EHKDYLRXU RIFRPSRVLWHWKHVLPXODWLRQZDVSHUIRUPHG
ZKHUH DOOSOLHVZHUH ILUVWO\ FRQVLGHUHGWREHPDGHXSRIFDUERQHSR[\DQGVHFRQGO\RIJODVVHSR[\PDWHULDO7KH
FRPSDULVRQVIRUDOOWKUHHGLIIHUHQWPDWHULDOVZHUHPDGHLQ WHUPVRIUHDFWLRQIRUFHDQG PDWHULDO VWLIIQHVV DQG VKRZQ
LQ )LJ D DQG EUHVSHFWLYHO\ 'XHWRKLJKWHQVLOHPRGXOXVFDUERQHSR[\ZDVIRXQGWRKDYHPD[LPXPVWLIIQHVV
ZKLOHJODVVHSR[\WKHOHDVW+RZHYHUQRVLJQLILFDQWFKDQJHLQWKHVWLIIQHVVZDV QRWLFHGZKHQ SO\FDUERQDQG
SO\JODVVHSR[\ PDWHULDOZHUH FRPSDUHGDJDLQVWSO\RIFDUERQHSR[\PDWHULDO &RQWUDU\WRWKLVJODVVILEHUGXHWR
LWV LPSURYHGGXFWLOHSURSHUW\H[SHULHQFHG WKH PRVW GLVSODFHPHQWDWVDPHORDGZKHQFRPSDUHGZLWKFDUERQHSR[\
PDWHULDO
3DUDPHWHU 5HVXOWVIRU6KHOOPRGHO 5HVXOWVIRU6ROLGPRGHO
3UHVHQW /LWHUDWXUH 3UHVHQW /LWHUDWXUH
5HDFWLRQ)RUFH.1    
'LVSODFHPHQWPP    
6WUDLQ0DMRU    
6WUDLQ0LQRU    
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&RQFOXVLRQ
,QWKLVVWXG\ WKH WHQVLOHWHVWEHKDYLRURI PXOWLOD\HU &)53LVVLPXODWHGXVLQJ ILQLWHHOHPHQW VLPXODWLRQ VRIWZDUH
$%$486 /DPLQD SURSHUWLHV IRU WKH PDWHULDO ZHUH FDOFXODWHG XVLQJ UXOH RI PL[WXUHV %RWK VKHOO DQG WKH VROLG
PRGHOV ZHUHGHYHORSHG H[DPLQHG DQGYDOLGDWHG UHJDUGLQJ WKHLUIHDVLELOLW\ DQGLWZDVGHFLGHGWRJRZLWKVKHOOPRGHO
DV LW SURYLGHPXFKIOH[LELOLW\RYHUWKHVROLGPRGHOLQWHUPV FRPSXWDWLRQDOFRVW 7KHPXOWLOD\HU&)53EHKDYLRUZDV
VLPXODWHG XVLQJ 65 VKHOO HOHPHQW UDWKHU WKDQ WKH VROLG HOHPHQWV DV LW VDYHV FRPSXWDWLRQDO WLPH ZLWK DFFXUDWH
UHVXOWV,QRUGHUWR UHSOLFDWH WKHUHDOEHKDYLRURIWHQVLOHWHVWORDG LQWKHIRUPVXUIDFHWUDFWLRQLVDSSOLHGWRWKHIUHH
HQG RIVSHFLPHQLQVWHDGGLUHFW DSSOLFDWLRQRIIRUFH 7KHGLVSODFHPHQWDWWKHIUHHHQGRIWKHVSHFLPHQZDVIRXQGWR
PD[LPXPDQG]HURDWWKHFODPSHGHQGZKHUHDVWKH VLJQLILFDQW UHDFWLRQIRUFH ZDVQRWLFHGDWWKHFODPSHGHQGGXULQJ
VLPXODWLRQ7KHH[KDXVWLYHSDUDPHWULFVWXG\ZKLFKUHYHDOVWKHHIIHFWRIUHLQIRUFLQJPDWHULDODQGSO\RULHQWDWLRQRQ
VWLIIQHVVRIWKHODPLQDWHZDVFRQGXFWHGDQGIROORZLQJVLJQLILFDQWFRQFOXVLRQVZHUH GUDZQL&DUERQULFKODPLQDWHV
GXHWRWKHLULQFUHDVHGWHQVLOHPRGXOXVZHUHIRXQGWREHVWLIIHUWKDQJODVVHSR[\ODPLQDWHVLL&URVVSO\ODPLQDWHV
KDYHVXSHULRUVWLIIQHVVWKDQDQJOHSO\ODPLQDWHV7KHWZRPRVWFRPPRQ W\SHV RIGHIHFWVDVVRFLDWHGZLWK FRPSOLFDWHG
PDQXIDFWXULQJ SURFHVV RI FRPSRVLWHV DUH ILEHUZDYLQHVV DQG YDULDWLRQ LQ WKLFNQHVV 7KHVHPDWHULDO LPSHUIHFWLRQV
PD\OHDGWRSUHPDWXUHIDLOXUHRIWKHFRPSRVLWHODPLQDWHDVWKHVWUDLQLQWKDWUHJLRQPD\LQFUHDVHDEUXSWO\
5HIHUHQFHV
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